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SpliericjiK or iri*e^nlar spheroidal, coiicretion-liko masses, liollow 
and lined with crystals point iiii>- inwardly, ai*e known to irpologists 
as geodes. Externally the similarity of these objects to concretions 
is so great that breaking is often reipiired to determine theii* true 
natm*e. In matter of origin, there is little, if any, relation between 
the two. Geodic cavities are common in all kinds of I'ocks. Amyg- 
daloidal cavities in igneous I’ocks ai‘e sometimes lined with crystals, 
thus giving rise to rounded masses coining witliin the above defini- 
tion. Openings in A'eins of ore likewise may be lined Avith (‘rvstalline 
matter, and the term geode is sometimes applied even though the 
i‘esulting object is fai* from spherical in shape. ]\Iore often, howcA ei‘, 
these stiaictures are found in sedimentary I'ocks, limestom's and shales 
being particularly faA'ored, but the general method of formation 
ascribed to them, namely that of the deposition of ciystals from some 
minei'al solution upon the walls of a cavity, is the saiiK' in all in- 
stances. Several limestone and shah' foi*mations have been so pro- 
lific of geodes that they are well knoAvn in geologic litei’ature iindei’ 
such names as geodifc'rous limestone oi* the geode beds. Thus the 
geodes in the Niagara (Lock])oi‘t) limestone, particularly at Lock- 
poi*t and Ivochester, New York, early gave the name geodilvrous 
limestone to the formation. These geodes nrc simply crystal-lined 
cavities, often of considerable size and number, scattered thi*ough 
the i‘ock. The cavities oavc their existence in many cases to the re- 
moval by solution of fossils: again they are simply fracluivs \u \\\o 
strata Avhich become enlarged by the expanding force of crystalliza- 
tion. The material in these |)articular geodes is usually dolomite or 
gypsum, and the individual (‘rvstals are often huge enough to mak(' 
handsome inineralogical specimens. Some of the more sti'iking 
inatei’ials found in these Niagara geodes are masses of silvery seh‘nit(‘, 
ciystalline anhydrite, and crystals of amber-colored cah'ite and oT 
pinkish dolomite. Similar occurrences of geodes in other limestones 
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are well known and the .specimen figured on Plate XVIII may be 
taken as an illustration of this particular phase of the subject. 

In the fir.st instance mentioned, the original cavity in the rock 
]nay have been left by the removal of a fossil by solution, but just as 
frequently the fossil itself furnishes the cavity. Figs. 3 to 8 on Plate 
XIX ai*e from ])hotographs of some (‘ommon Uppei* Ordovician fo.s- 
sils well illuslrating this occurrence. The large l)rachiopod, PJatij- 
^troplua lpH,r (figs, o and r)),Avas evidently buried without being filled 
with mud or other materials. Its hollow interior then affoi’ded an 
excellent ]>lace for the depo.sition of crystallim* material. Only a 
})oi*tion of the interior of the smaller brachiopod. liJip)u‘hotrema 
(‘(tl)a,i\ figured on the .same j)late (fig.s. fi-8), was left unfilled with 
clay, and a corres|)ondingly small geode resulted. What may be 
called a compound oi\ better, multii)lex geode. 1 ‘esults from the de- 
])osition of crystals in the hollow chambers of cephalopods. The 
Ortho(‘enix^ figured on Plate XIX. is an example of this on a small 
scale, but larger specimens are not infrequent. In this group of 
animals the .shell, when intact, is less likely to become filled with 
clay, since the only means of ingress to the inteiaor of the camerated 
])ortion is thi‘ough the breakage of the walls of the camerae or of the j 
siphuncle. Xo i*esistance is ottered to the pas.sage of water through ' 
the empty shell, and. as a result, almost every ccqduilopod in certain 
sti'ata can I>e rate<l also as a geod{‘. In all of this .second group of 
geodes the crystalline material is calcite. usually in the form of dog- 
tooth spar. The most .striking and best-known geodes, howevei*. ai*e 
siliceous, and it is to this class that the writer wishes to call .special 
attention. The examples referred to |)reviou.sly, as well as tho.se that 
follow, are of such common occurrence that the facts here pre.sented 
must hav(‘ been noted by many ob.servers. It was therefore with some 
hesitancy that the i)resent paper was undertaken. A search of the 
literature, how(‘V(‘r, revealed little published information upon the 
subject. Doubtless references to geod(‘s and geodization exist, but 
they are, apparently, as in the case of Professor Shaler's work re- 
ferred to below, hidden under other titles. 

Among the many problems of silicification the one of mo.st interest 
to the paleontologist is un(|uestionably that bearing u[)on the re- 
placement of fossils. Shells and other fossil foians entirely replaced 
l)y silica aiv of common occmavnce in the cherty or siliceous debris re- 
sulting fi‘om the waste of limestones. These siliceous pseudoinorphs, i 
as they are called, uftim ])reserv(* the original shape and markings 
of the fossil form .so ])erfeclly that the peculiar interest of such a 
l)i' 0 (‘ess to the paleontologist is obvious. Indeed, some very interest- 
ing faunas of geologi(‘al time would be pi*actically unknown if it 
had been nece.ssary to worlc out the individual sj)ccies from the hard, 
refractory limestone containing them. As an example of this, the 
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many fine cvslids and erinoids of the Curdsville formation in tlie 
central Kentucky Ordovician would nevei’ be known were it not foi* 
this replacement of these fossils by silica, nor would the hundreds of 
species of excpiisitely preserved brvozoa, ostracods, corals, and other 
fossils from the Devonian strata at the celebi’ated Falls of the Ohio 
locality be available for study and comparison with specimens fi’om 
less favorable localities. This ])hase of silicification has been ex- 
plained by most winters as due to a replacement of the original cal- 
careous mateiial of the fossil by silica at the time of dejiosition. 
Fnder this view^ the fossil shell, for example, is re|)laced l)y silica 
either on the ocean bottom at the time of deposition or shortly there- 
atter. In the case of a limestone then, the fossil woidd be simply a 
siliceous shell embedded in a calcareous p*oundmass. AVhen in the 
course of weathering* the limestone is dissolved away, the insoluble 
siliceous shells would then be left behind. 

A few observers have noted that the limestone yielding* such 
siliceous pseudomorphs upon weathering contains, in the unweathered 
state, only calcareous fossils, d'hey have also observed that, as the 
weathering of the fossiliferous limestone proceeds, the fo.ssils ai*(‘ re- 
])laeed by silica and consequently are not carri(*d away in solution as 
in the case of the matrix itself. In support of this view, the surface 
of a fossiliferous limestone layer is often seen s])rinkled with fossils 
of which the ])ortion still embedded in the limestojie is calcareous and 
the ex])osed ])arts are sili(‘eous. With this view the time of th(‘ silici- 
fication is M(‘cessarily assumed as very i‘ccent, in fact, as going on at 
the j)resent time. The writer has had many oi)port unities to study 
and collect in areas wheie such silicification has occurred, and all of 
the fads ol)served have been in siippoil of the lattei* idea. The object 
of this ])aper is not, liow(‘vei*, to discuss this pailicular form of silici- 
fication. and the }u*(‘ceding remarks upon this recent replacement by 
silica are introduced only on account of theii* bearing Jipon the jn'ob- 
lem of the formation of siliceous geodes. 

'^rhe best known siliceous geodes conu' from tlie Keokuk geode bed, 
which (‘onsists of blue shale and thin limestone 3>() to 35 feet thick, 
particulai‘ly well shown at Keokuk, Iowa, and Abirsaw, Illinois. The 
name of Amos II. AVorthen will always be associated with these 
g(M)des, since years ago he distributed many barrels full of good s})eci- 
mens to the leading scientific men and institutions of tliis country and 
Europe. Air. Woilhen's lo(‘alities are, thei'efore, best known to the 
scientific world, and the K(‘okuk geod(‘ ImhI is even better known than 
the geodiferous Niagara limestone of X(*w York. The Keokuk geodes 
vary in size from that of a ])ea, oi* evcMi less, up to rounded masses 2 
feet in diameter. Quartz is the predominating crystalline material, 
but agate and (‘rvstals of calcite and dolomite are often accessory con- 
stituents. Snell metallic minerals as millerite, in the form of hair- 
like needles or tufts of needles, sphalerite, and pyrite, arc likewise 
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found lining the cavitie.s. Dana, in his Manual of Geologv, says these 
geodes have been supposed to occupy the centei* of fossil sponges that 
were at some time hollowed out by siliceous solutions and then lined 
with crystals by deposition from tlm same or some other mineral solu- 
tion. The writer has been unable to secure a full set of geodes from j| 
the Keokuk bed to illustrate their method of formation, but the speci- J 
mens figured on the plates h(‘re presented are from shales and thin \ 
limestones of a horizon in Kentucky not strictly equivalent but similar 
ill geological conditions. 

These geodiferous shales and thin limestones belong to the Knob- 
, stone division of the lower Carboniferous or ]\lississippian period. 
Their strata cap the rounded hills of Indiana and Kentuclr\q encir- 
cling that portion of these two States immediately underlaid by 
Devonian and Silurian rocks. Southern Indiana, in the vicinity of 
New Albany, and the “ Knob '' region of Kentucky, extending south 




and then southeast of Louisville, give many exposures of the Knob- 
stone group. Button oMold Knob, several miles south of Louisville 
and just opposite St. Jacobs Park of that city, is a celebrated locality 
for Kiiol)stone fos.sils, and here the writer made most of his collections 
and observations. The geodes described in this paper from Button 
Mold Knob occurred in the lowest division of the Knobstoue, a series 
of blue shale termed the Xew Providence shale. These strata are so 
compact that Avater (*an not readily pass through them. A few thin, 
ferruginous limestone layers are interl)edded Avith the shale, but they 
are so infrequent as to have little elfect upon tlie porosity of the 
strata. The rainfall upon these shales is, therefore, carried aAvay 
almost entirely by surface drainage, and in the case of IcatI areas 
underlaid by the shale, a damjy unproductive clay soil is the result 
of this imperAUousness to AAaiter. Still, these shales are often crowded 
Avith geodes, objects AAdd(‘h i*e(|uire the presence of Avater foi* their 
formation. This apparent association of many geodes and no Avater 
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led to i\ study of the local conditions, with the i-esult that the o-eodes 
were found to occui' only in zones or areas reached by surface watei’s. 
Usually the geodes were lying on the surface itself, free or partially 
covered by the soil, and digging in the compact shale immediately 
beneath them would reveal no trace of othei* specimens. Tn otlier 
cases they were apparently bulled in the shale, but, in every instance 
of this kind, closer examination showed these examples to lie on the 
edge or very close to joint planes oi* rifts in the strata through which 
water had easy access. The beds of streams heading in the Knobs are 
often crowded with geodes washed down from the higher strata. A 
sketch of these conditions of occurrence would, therefore, be some- 
thing like that shown on the preceding page. 

Having noted the occui*rence of geodes, at least in tliese particular 
strata, it is next in ordei* to inquire into their method of formation. 
To determine this ])oint, the many specimens from tlie Knol)stone 
group ai‘e here employed, although examples from other geode- 
bearing horizons, such as the IT})per Niagaran shales of West Tennes- 
see, could be used. At this point it seems best for the pi‘esent discus- 
sion to insert some observations by the late Prof. N. S. Shaler. These 
ai*e incorporated in an article entitled Formation of Dikes and 
Veins,^^ from Avhich title one would never siip])ose that a discussion 
of geodes was included. The writer is indebted to Prof. »!. (\ Bran- 
ner for calling attention to this article. 

Some light on tlie foregoing question [the formation of dikes and veins! ap- 
pears to he afforded by ol)servations which may he readily made on the formation 
of geodes. As is well known, these bodies in their ty])ical form are sjiheroidal 
masses, usually of quartz, which are formed essentially in the manner of veins. 
They may, indeed, he termed globular deposits in this class; in fact, by (‘xtend- 
ing the inquiry over a large held I liav(' Ixmui able to trac(‘ a tolerably complete 
series of forms from sidierical geodes to ordinary fissure v(*ins, a series suhi- 
ciently without breaks to warrant the assumption that all these bodies belong 
in one category. A study of these geodes as they occur in Kentucky and else- 
where, esiKH-ially in the shales of the sub-( ’arboniferous rock, has afforded me 
some interesting ami instructive suggestions concerning the lu'ocess of vein- 
making which I will now briefly set forth. 

Xonnal geodes are holhov spheroids and are generally found in shales. 
They (dearly rejiivsent in most cases a segregation of silica, which has evidently 
taken place umh*r conditions of no very great lu*at, brought about by d(‘ep burial 
IxMieath sediments or other sources of temi)erature. It is difiicnlt in all cases to 
obs(U've the ciix’u in stances of their origin, but in certain instructive instanc(*s 
this can be trac('d. It is there as follows: Where in a Ixxl in which th(‘ con- 
ditions have iK'rmitted the formation of geodes the calyx of a crinoid (x*curs, 
the i>lanes of junction of the several i)hites of which it is comix>sed may become 
the seat of vein-building. As the ])rocess advances these jilates are pushed 
apart and in ccuirse of time enwrapped by the silica until the original sphere 
may attain many times its original diametcu* and all trace of its origin lost 
to vi(*w, though it may be more or less ch‘arly revealed by breaking the mass. 
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In tlie j)roc(.*S8 of wliirli tlu‘ geodes undergo they evidently pro- 

vide the space for their storage by coinpressing tlie rock in whicli they are 
foriiu‘d. In the rare instances wliere I have been able clearly to observe them 
in their original position they were evidently cramped against the country rock, ^ 
the lay<‘rs of whicli tli(\v liad eondenseil and more cn* less deformed. Although 
when found njion the tains s1oik‘S or tla* soil these sjilieres nsnally contain no 
water in their central cavities, these spaces are tilled with the tlnid while they 
are forming and so long as they arc^ <h‘e]>ly linried. Tlnn-i' can be no doubt that 
this water is under a <*onsiderald(‘ though variable ] pressure. 

'riie condi(i<ms of formation of spheroidal veins or geodes clearly iiidicat(» 
that an aiiparinitly S(hid mass of crystalliiu‘ structure may l>e in effect easily 
lieriiK^ated by v(‘in-bnihling wat(‘rs, and this when the tmni»eratnres and jires- 
snres could not hav(» been great. It is readily schmi that the walls of these hollow 
s])heres grow intm'stitially whih* at the sanu* tiim‘ th(‘ crystals ]>rojecting from 
the inner side of the slndl grow t<>ward the centm*. We therefore have to 
recognize the fact that the silex-bearing water penetrated through the dens(* 
wall. In many of these si)h(‘rical A'caiis we may noU‘ that tlu‘ jirocc^ss of 
growth in the interior of the spheres has b(‘en fi*om time to time intermixed and 
again resnnuMl. Tlu'se changt‘S may 1 k‘ due to tlu‘ variations in pressnri* to 
which the water in the cavities is necessarily subjected as the conditions of its 
liassagi" through the g(‘ode-bearing zone are altered. 

Thi^ most important information W(‘ obtain fnmi the study of si)herical veins 
or geodes is that no distinct lissnres or i*ifts are rt*(inired for the ])assag(* of 
v(*in-bnilding waters through existing masses <d’ lodes. It is true that the 
dist.ances they traverse in tlu‘se splnaacal lodes is limited t<^, at most, a few 
inches: but there* is in tliese cases no other impulse than diffusive action to bring 
alunit tlu* m<)veni(‘nt. while in an ordinary tabulate* vein we may gene*rally 
assume*, in adelitieni te> the intlnemce o]>erating in bringing the* dissolve*eI materials 
inh> the* ge*oeh‘, a pre‘ssnre* which impe*ls the* tiniel n])warel. Mdms, while* It is not 
te> be* elenied that many ve*ins are* i)re*])ared for by the formation e>f se)inewhat 
gai>ing tissnre*s, and that tlu*se rents, after being more e>r less cemi])h*tely cle)se*el, 
are* re* 0 ]H*ne*el by faulting e>n the* plane^ of the de*pe>sit, such euMginal or secenielary 
si>ace*s are not re*epiireel for tin* elevele)j)ment e>f a ve*in. The other iM)int is that 
the pre*ssnre e>f the* gre>wing vein, which in the (‘ase e>f the* ge*e>de* is able se> te> 
ceaide'iise* the re>e‘k niatten* abe)iit it as te> win remm fe>r the de*i)e)sit, is likely to 
be eve*n more* effe*ctive in the* greni)) e>t talmlate* ele*i)e>sits in forcing the walls 
asunde*r. 

While the ])iir|)ose of Professor Shuler's remarks is primarily to 
show the relatioiishi]) of geockvs to veins, he has also ])ointed out some 
factors in the formation of the former. The writer must object to 
the following* of his conclusions: First, that geodes are formed when 
deeply buried; second, that the water of formation is under a con- 
siderable thoiigli variable ])ressiire: third, that the geodes are appar- 
ently solid masses of crystalline matei*iah which may in effect be easily 
permeated by vein-building waters; fourth, that the silex bearing 
Avater necessarily penetrated through the dense wall; and fifth, that 
no distinct fi.ssures or l ifts are recjuired for the j^assage of vein-build- 
ing wat(U*s in the formation. Profe.ssor Shaler's statements Uj)on the 
foi'ination of these objects were based upon a study of s]u*cimens from 
the same horizon as tho.se used by the writer, so that both sets of s[)eci- 
mens must have had a common oi*igin. The geodes in these Sulxair- 
boniferous. or Knobstone strata, are invariably siliceous and appar- 
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ently always have a fossil as their basis of foiaiiation. Under the dis- 
cussion of mineral veins. Professor Branner, in his Syllabus of Ele- 
mentary Geolog}^ (p. 220), cites geodes as examples of enlargements 
of fractures by tlie expansion due to the crystallization of mimn als 
in the incipient crevice. On page 228 of the same work he hgui'es 
crinoid steins bi’oken asunder, describing the figui'es as Geodes 
formed in the stem of a crinoid. The (lej)osition of (piai'tz began in 
the hollow stem which was finally broken asunder." As may l)e 
observed from later remarks, the obsei“vations of the writ(U* agre(‘ 
with Professor I>ranner's ex]danation save in tlie plac(‘ of deposition 
of the silica. The subject of the force of growing crystals has been 
discussed by ]\Ierrill in 1895 « and l)v lkH*ker and Day in 1905.'^ 

The majority of geodes in the Knobstone group may be traced 
directly or indii*ectly to a crinoidal origin for the sim])le iH'ason that 
thes(‘ strata are often crowded with fragments of this class of organ- 
isms. Probably next in oialer as a geode maker is tln^ common 
la*achiopod .if/ij/rJs humllosa, but no class of fossil is (‘xcunpt from 
i*(‘pla(*emeiit by silica when the pi*oi)ei‘ conditions obtain. Ei’agments 
of ci’inoid columns particulai'ly are so abundant that series showing 
the complet(‘ development of geodes ar(‘ readily obtained. Thesi^ 
crinoidal columns are made up of a series of s(‘gments or “ buttons " 
])ier(*(Hl centrally by a rounded or five-sided hok' oi’ canal. Ih“of(‘ssor 
Branmu' believed that the deposition of sili(*a started in this canal 
and continued until the column was fractui'ed by the exjninsive 
force of crystallization. This is a v(-it reasonable assuni]:>tion, but 
none of the many uiBVactured (‘I'inoid columns before the writer 
shows a trace of silica in the central canal. These crinoidal columns 
are pai'ticularly subject to fracturing in the shale bcH*ause of this cen- 
tral canal. The shape of the canal, ah well as the five-sided S 3 unmetiy 
prevailing in the class, usually causes five longitudinal fractures 
to form wlum the crushing is diivct (scm^ Plate XX, figs. 2 and 3). 
If pressure is exerted oblicjuelv upon the column, a slipping of the 
segmcmts iijion each other is likeh^ to occur (Plate XX, fig. 4). 
although fracturing mav also accompanv tliis slij^ping (Plate XX, 
fig. 5). All of the geodes oi-iginating in crinoid columns can be 
traced back to such fractured stems, and, also, onlv such fractured 
sjDeciinens occupving a ]X)sition of ready access to water shown in the 
sketch on page 13() wei'e geodized. Xumei’ous fragments similar to 
the originals of figs. 1-t) on Plate XX, can be dug u]^ fi’oni the im- 
])ervious shales and no signs of silieification observed, but in the 
water horizons almost all thc‘ fi’actui’cd sj)eciniens show some trace 
of silica. Tt therefoi*e seems apj)ai‘(‘nt that the deposition of silica is 

^ On tbe formation of stalactites and x?U>^ain incrnstations in caves, Proc. 
r. S. Nat. :\lns., XVII, 77-Sl, pis. ii-v. 

^ The linear force of growing crystals, Proc. Washington Acad. Sci., VII, pp. 
283-2SS. 
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not in regular cavities ^Yllel•e the water can circulate freely, but along 
fracture lines in which capillary attraction is responsible for the 
penetration of the mineral bearing solutions. Complete series, in 
which these fractures are occupied by only a thi'ead-like trace of 
silica up to the normal geode, showing no trace of crinoidal matter, 
have been seen, but the specimens illustrated on Plates XX and XXI 
were deemed sufficient for the purpose. Filling of a longitudinal 
and transverse fracture is shown in fig. 7 of Plate XX; fig. 8 illus- 
trates three of the five silica-filled fractures of another column. In 
lig. 1) the mineral deposit in the five main fractures has exerted such 
a j)ressure that the intermediate ci*inoidal material has been broken 
into small fragments. Each of these minor fractures would have 
developed stringers of silica had the deposition continued. Such 
minute breaks are illustrated in figs. 0 and tlie latter sliowing the 
siliceous deposition in a specimen fractured like the original of fig. G. 
In fig. 10 the regular arrangement of the silica along five prominent 
lines is obscured bv replacement of side '' veins/’ the original s]>eci- 
men being, ai)pareiitly, similar to that shown in fig. G. Figs. 11 and 
1^ illustrate s])ecimens showing deposition along oblicjiie as well as 
longitudinal fracture lines. In fig. 14 the mineral matter has been 
de])osited most abundantly at the intersections of two sets of frac- 
tures, thus producing a botryoidal a|)pearance in the resultii^g geodes. 
This botryoidal effect is more pronounced in figs, 8, 9, 10, and 11 
on Plate XXI, but the same origin is evident from the adhering cri- 
noidal remains. Such s])ecimens are usually hollow and lined with 
drusy quartz (figs. 5 and 7). The crust is often so thin that the 
geode itself may be crushed (fig. PJ). In the final stage all trace 
of the crinoidal mateiaal is lost, although the original five fradiires 
often determine the shape and indi(‘ate tlie origin of the geode. Occa- 
sionally the fragments of crinoidal matter between the ridges of 
silica are removed by solution and leave [luted masses of silica as in 
fig. (). That the geodes of this particular geological horizon are not 
always confined to fossils for their growth, is evidenced by the frag- 
ment of crinoidal limestone figured on Plate XXI, fig. 14. Evidently 
two j)arallel fractures and a thiid at right angles have |)enetrated 
this specimen and the (le])osition of silica has followed. Except the 
last, all of the foregoing illustrations have been based on crinoid col- 
umns. In the case of the calyx of a crinoid, little or no fractuiang 
is necessai’v to give rise to the deposition of silica, since the plate 
sutures fuinish an excellent place for crystalline growth. This par- 
ticuhn* ])hase is sufficiently illustrated on Plates XIX and XXI V to re- 
quire no further mention. Xor does it seem necessary to describe the 
various stages in geode growth staiding from a Imichiopod as Plates 
XXII and XXIII are deemed explanatory enough. As the arrange- 
ment of th(‘ fractures in crushed brachioj)ods is usually indefinite, the 
geodes resulting from this class are traced with more difficulty. It is, 
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therefore, only when fniginents of the oi'iginal shell ;ire retained, as 
in figs» 0 and 10 of Plate XXII, that no donbt as to the origin can 
exist. In these braehiopods it will be noted that the main fracture line 
is at right angles to and passes through the beak. From this line 
other fractures often radiate, so that in case of removal of the inter- 
vening calcareous shell matter a septarian like etfect is produced 
(Plate XXIII, fig. 11). 

In all of the specimens just described the deposition of silica in the 
fracture has been preceded by a complete silicification of the fossil 
itself, in the manner described on page 135. Sometimes this com- 
plete replacement of calcite by silica leaves a perfect representation 
af the fossil, but again silicification may destroy all the details of 
structure (Plate XXIV, fig. 5). Should the fossil when silicified pre- 
sent no fracture, no deposition of crystals preliminary to the forma- 
tion of a geode occurs, but fractured silicified specimens are subject to 
geodization. The column figured on Plate XXIV (fig. i\) is com- 
pletely silicified and small stringers of rpiartz occupy the fracture. 
Less frequently these two processes of silicification seem to occur 
simultaneously. 

Retui*ning to the suggestion in Dana’s Manual of Geology that the 
Keokuk geodes ai'e hollowed out sponges lined with crystals, it seems 
more reasonable, in vieAv of the absence of such sponges in that forma- 
tion and the presence of numerous specimens indicating the oidgin 
described above, that the latter is nearer the truth. Professor Shaler's 
idea that this class of geodes is foianed when deeply buried is not in 
accord with the facts, at least as observed by the writer, nor does 
thei-e appear to be any necessity for the water of formation to be 
under a considerable though variable ])ressui‘e. Ordinai-y surface 
waters charged Avith silica seem to be suflicient. The other objedions 
to Professor Shaler’s vieAvs regarding the method ein])loved by the 
silex-bearing Avaters to i-each the interior of the geode ai‘e explained 
in tracing their origin to fractui*ed fossils. The deposition of crystals 
on opposite sides of a fi-acture Avill ahvaj^s leave a space free to the 
])assage of Avater, so that no necessity exists for this Avater of forma- 
tion to peneti'ate the solid mass. 

In conclusion, the best knoAvn geodes are free, rounded, siliceous, 
holloAv masses lined internally Avith crystals, and occurring usually 
in shaly, fossil iferoiis sti*ata. Fossils lying in the path of surface 
Avaters ai*e subject to a complete replacement of their substance by 
silica ,* when crushed oi* fractured, fossils may \vc\xe the breaks lined 
AAuth a siliceous deposit. In the latter case, continued deposition and 
the expansive force of the crystals Avill result in a holloAv, rounded 
mass, or geode, lined Avith iuAvardly pointing crystals and on the out- 
side coA^ered with remnants of the fossil. The chemical side of this 
subject is a problem Avldch is not in the province of the present pax>er. 



Explanation of Plate XVIII. 



'ig. 1. 

o 



A fragment of an ordinary siliceous geode from the Keoknk geode hed 
at Keoknk, Iowa. 

Portion of a geodic cavity from North Park, Colorado. In this case a 
cavity in limestone is lined with crystals of calcite. 
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ExPLAKATION of rLAIK XIX. 



All of the tigiires on this plate, except 0, and h, are sliLrlitly enlarged. 

Fig. 1. A fragment of the eephalopod shell Orthoccras duscri broken throngli the 
middle and showing the ehamhers lined with dog tooth s)>ar. 

2. The wall of one of the crystal lined chaml>ers viewed from above. 

3, 4, and r». Natural size view of the hrachioj^od Platifstroplnti lyn.r and en- i 

larged views of its halves, showing the geode nature of the shell. | 

G, 7, and 8. The hrachiopod Rhiinvlwtinnii cnya.r, natural size, and enlarge*- * 
meiits of its lialves. In this case the geode occupies emly a i)art of the 
shell, the remaining portion being filled with indurated clay. 

The originals of figures 1 to S are from the Ordovician rocks of south- 
western Ohio. 

0. Easal view of a crinoid calyx, natural size, in which the deposition of | 
silica in the plate sutures has not progressed far. I 

10. View of the cross-section of the original of tig. 7, IMate XX. The interior J 
of this specimen is almost coinjiletely filled with (juartz crystals. In 
this as well as in figs. 11 and 12, the dark colored material is of un- I 
changed criiioidal calcite. I 

It and 12. Transverse views of the original of tig. S, Plate XX, and of ' 
another si)ecimen when fractured. The live silica -til led fractures and 
the hollow central area are characteristic. 
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Kxplanation of T^late XX. 



AH of the figures on tliis ])late are X 1.5 with the exception of 7-1), and 11. 
which are natural size. The specimens ai*(‘ from the Lower Knobstone shales 
at I hit ton Mold Knob, Kentucky. 

Fig. 1. View of two segments of a crinoid column illustrating the five sided cen- 
tral canal. 

2 amid. Views of o]>posite sides of a crushed crinoid column. The princi- 
pal longitudinal fractures corresiKind in number and arrangement Avith 
the pentagonal central canal shown in tig. 1. 

4. Portion of a crinoid column in which the individual segments have been 

slightly pushed apart. 

r>. Another fragment illustrating slipping of the segments and longitudinal 
fracturing. 

(». A crushed crimud column with many small fractures as well as the ])rin- 
cipal longitudinal breaks. 

7. A crinoid column with the principal longitudinal fracture, and the ends 
tain a smaller amount of silica. 

5. Another crinoid column with the five main fractures and the ends filled 

with silica. In this si)ecimen the individual segments of the column 
were not found ai)art })revions to silicitication and hence no transverse 
bands of silica have been deposited. Transverse views showing the 
interior of figs. 7 and S are given on Plate XIX. 

0. A crinoid column in which a great amount of longitudinal fi'acturing has 
occurred. t)nly the five jirincipal fractures corresponding to the peii- 
tameral symmetry of the organism are tilled with distinct bands of 
silica, although the small breaks contain thread-like masses of this 
material. 

10. A crinoid column with irregnlai* fractures filled with silica. 

11 and 12. Two fragments of crinoid columns which have suffered longitu- 
dinal fracturing as well as transverse slii^ping of the segments previ- 
ous to the dei)Osition of silica. 

13. A crinoid <'olumn fractured in the manner of the original in fig. 0 and 

the si)aces then filled with silica. 

14. An obli(]uely ciaished crinoidal column with the de}>osits of silica segre- 

gated at the junction of fracture so as to assume a botryoidal struc- 
ture. 

The originals of figs. 1 to O, incliisiv(\ are calcareous specimens from the com- 
pact shales in which no siliclfieatioii occiir.s. Tin* lauuaining specimens, figs. 7 
to 14, were found either on the surface or in a zone of silicification. 
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ExiM.ANATi()x\ OF Plate XXI. 

Fi^s. ami S-M. an‘ X lA, wiiilo tli»‘ n‘st are natural size. All of the 
spoc'imens wc're collected in tli(‘ Lower Knohstone shales at Knttoii Mold Knob, 
Kentucky. 

Fiffs. ] and 2. A fjeode with a criimid coiinnn as a basis. 

ri. A small fieode with small fraj^ments of the crinoid column still show- 
ini? on its surface. 

4. A larjrer example ridainin.i? little trace of crinoidal matter. 

5. The interior of a si)ecimeii similar to tis?. 3, lined with drnsy quartz. 

0. A s?eode similar to fij?. 2, with the crinoidal calcite removed. 

7. Another ,i?eode derived from a mnch fractured crinoid column. 

8 to 11. Four small .sxeodes showinj^ their derivation by de])osition of 
silica in crinoid cc)luinns. 

12 and 13. Top and side views of two small geodes whose formation from 
crinoid columns is a))parent from their five-sided (Uitlines. 

14. A mass of crinoidal fragments showing silica replacing the larger 
fractures. 
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